Background: Hip osteoarthritis (HOA) is the most common hip disorder and a major cause of disability in the adult population, with an estimated prevalence of end-stage disease and total hip replacement. Thus, the diagnosis, prevention, and treatment of the early stages of the disease in young adults are crucial to reduce the incidence of end-stage HOA. The purpose of this study was to determine whether (1) a relationship among the inflammatory status of labrum and synovium collected from patients with femoroacetabular impingement (FAI) would exist; and (2) to investigate the associations among the histopathological features of joint tissues, the pre-operative symptoms and the postoperative outcomes after arthroscopic surgery. Methods: Joint tissues from 21 patients undergoing hip arthroscopy for FAI were collected and their histological and immunohistochemical features were correlated with clinical parameters. Results: Synovial mononuclear cell infiltration was observed in 25% of FAI patients, inversely correlated with the hip disability and osteoarthritis outcome score (HOOS) pain and function subscales and with the absolute and relative change in total HOOS. All the labral samples showed some pattern of degeneration and 67% of the samples showed calcium deposits. The total labral score was associated with increased CD68 positive cells in the synovium. The presence of labral calcifications, along with the chondral damage worsened the HOOS post-op symptoms (adjusted R-square = 0.76 p = 0.0001). Conclusions: Our study reveals a relationship between the histologic labral features, the synovial inflammation, and the cartilage condition at the time of FAI. The presence of labral calcifications, along with the cartilage damage and the synovitis negatively affects the postoperative outcomes in patients with FAI.
Introduction
Hip osteoarthritis (HOA) is the most common hip disorder and a major cause of disability in the adult population, with an estimated prevalence of end-stage disease and total hip replacement (THR) [1] . Thus, the diagnosis, prevention, and treatment of the early stages of the disease in young adults are crucial to reduce the incidence of end-stage HOA.
Over the last decade, evidence has mounted for a prominent etiologic role of femoroacetabular impingement (FAI) syndrome in the development of early HOA [2] [3] [4] . While FAI likely represents the most common cause of hip pain and dysfunction in young adults and an independent risk factor for early onset of HOA [5] [6] [7] [8] [9] [10] , relatively little is known about the events connecting the presence of FAI and the development of end-stage HOA. Moreover, although there is an initial evidence that surgical treatment of FAI may effectively improve pain and symptoms [11] , there is poor information regarding the physiopathological processes that drive the HOA progression after surgical treatment of FAI [12] [13] [14] [15] .
Most of the studies regarding the physiopathology of the osteoarthritic and pre-osteoarthritic conditions have been conducted on the knee [16] . It is now well established that osteoarthritis (OA) is a whole-joint disorder involving all joint tissues [17] ; synovial inflammation correlates with pain, function, and structural changes [18] and synovitis is connected with cartilage [19] and meniscal [20] pathology. In particular, meniscal damage in knee OA is a known risk factor for the incidence of OA [21] .
Similar to the knee meniscus, the hip labrum is a fibrocartilaginous structure that provides joint stability and is involved in load distribution [22] . Labral deterioration or tear leads to impairment of its functions and changes the hips biomechanics. An impaired lubrication and an increased joint friction deteriorate articular cartilage and lead to OA [23] . Moreover, the labral fibrocartilage is highly innervated by nociceptors and therefore, it has been suggested as a relevant source of pain in hip and knee OA [24] . As calcium crystal deposition is common in OA menisci [25] , also labral calcifications are present in patients with FAI [23] . In vitro and preclinical data demonstrate that calcium crystals can activate intra-articular proinflammatory pathways and release nociceptor stimulating substances. Thus, calcium crystal deposition may be involved in generating joint pain [26, 27] .
The purposes of our study were (1) to analyze the hip joint tissues at the time of surgery for FAI, hypothesizing a relationship among the inflammatory status of labrum and synovium; and (2) to investigate the potential associations among the preoperative symptoms, the outcomes after arthroscopic surgery for FAI and the pathological features of labral tissue, in particular the presence of crystal deposition.
Patients and methods

Patient recruitment and clinical data collection
This observational study was conducted in accordance with the local ethical committees approval and patient consent. The main role of the ethics committee is to protect patients enrolled in the study providing good clinical care. A total of 21 patients with FAI were collected. Inclusion and exclusion criteria are listed in Table 1 . At the time of hospital admission, the physician completed a report including demographic (age, sex, body mass index [BMI]) and clinical data (history of trauma, duration of symptoms). All patients completed a hip disability and osteoarthritis outcome score (HOOS), validated in Italian language (http://www.koos.nu/hoositalian.pdf) at the time of surgery. Plain anteroposterior radiographs in standing position were obtained before surgery to evaluate HOA severity using the joint space narrowing (JSN) [28] and the Kellgren-Lawrence (KL) grading system [29] . Patients were followed by visits at 1, 6, and 12 months after surgery. HOOS was readministered at 12 months, absolute [HOOSpost -HOOSpre] and relative [(HOOSpost -HOOSpre/ HOOSpre) × 100] variation of the HOOS (total and subscales) were calculated.
Macroscopic findings and tissue sample collection
Hip arthroscopy was performed following standard approaches [30, 31] , and macroscopic intra-articular pathology was graded using the Outerbridge score for chondral lesions [32] , the Lage classification for labral lesion [33] , and the Ilizaliturri mapping system for topographic localization [34] . Surgeons were very careful in preserving tissues and avoiding labral debridement when repair of these structures is the goal. When available, tissues of labrum and synovium from fovea (cartilage when possible) that would otherwise be discarded, were retrieved during the surgery for histological and immunohistochemical analyses. Moreover, only small specimens of synovium were collected (sometimes less than 2 mm in diameter), to avoid excessive bleeding.
Histological analyses
Joint tissues were fixed in 4% formalin, dehydrated in 70% ethanol, and paraffin embedded. Sections of 5 m were cut using a rotatory microtome (Leika Biosytems RM2255), deparaffinized in xylene and rehydrated in ethanol for histological and immunohistochemical analyses. One experienced biologist performed all the observations and ratings.
To asses labral tissue morphology and degradation evaluating proteoglycan/collagen content, respectively, the sections were stained with hematoxylin-eosin (H&E) (Bioptica, Milano, Italy) and 0.25% Safranin-O/0.3% Fast Green (S-O-FG) (Sigma Aldrich, St Louis, MO) observed at × 10 magnification. Since the acetabular labrum has a fibrocartilaginous structure similar to the meniscus [13] , we assessed the degree of histological degeneration of the labral specimens using a modified Pauli's microscopic grading system [35] . Briefly, given that the tissue surface characteristics were analyzed only in the acetabular rim, we maintained the four grades used in the original Pauli's grading system, but we changed the range scores for each grade, as follows: grade 1, 0-2; grade 2, 3-5; grade 3, 6-9; and grade 4, 10-12. Grade 1 represents normal tissue, grade 2 and grade 3 indicate mild and moderate degeneration respectively, and grade 4 represents severe degeneration.
To evaluate the calcification in labral samples, the sections were stained with alizarin red (AR) 1.4% pH 4.2 (Sigma A5533). Calcium crystal deposition score included four grades: 0, no deposition, from grade 1 to 3 depending on the size and number of deposits in the section [35] . For the described histological analysis, 2/3 sequential sections were scored for each case and to evaluate intra-reader reliability, 10 specimens selected randomly were scored twice with a time difference of at least 3 weeks.
For the histological assessment of synovial inflammation, the sections were stained with H&E and observed at × 20 magnification. The synovial inflammation was evaluated according to the histological synovial scoring system used by Scanzello and colleagues [20, 36, 37] .
In order to validate the histological analyses on FAI patients, we also collected joint tissue samples from patients with idiopathic end-stage HOA as positive control of late stage OA, which were not included into the clinical outcome analysis.
Immunohistochemical staining
We characterized the presence of T cells, B cells, monocytes, and plasma cells in synovial tissues using specific monoclonal antibodies against CD3 (MA1-34688, Pierce), CD20, CD68, and CD138 (M0755; M0814; M7228, DAKO). Antigen retrieval was performed using a commercial solution (S1700, DAKO). The signal was detected using a streptavidin-enzyme conjugated system (4+ Universal AP Detection kit) and the substrate Vulcan Fast Red Chromogen kit 2 (AP506US and FR805S, Biocare Medical). Isotype-matched immunoglobulins (IgG1 and IgG2a MAB002-3, R&D) were used as negative controls. Positivity of each section was semiquantitatively evaluated according to the criteria described in Table 2 . Results are expressed as the mean of positive cells per section, with 2 to 3 sequential sections analyzed for each patient. All images were captured using a Nikon Eclipse 90i microscope equipped with Nikon Imaging Software elements.
Statistical analysis
The SPSS for Windows version 22 (IBM SPSS Inc., Chicago, IL, USA) was used for statistical analysis. Results are reported as mean ± standard deviation (SD) for continuous variables and as percentage for dichotomous and ordinal data. All data were tested for normality using the Kolmogorov-Smirnov test for continuous variables and chi-squared test for categorical variables. Given the small sample size and some irregularly distributed variables, nonparametric tests were used. Betweengroup differences were evaluated with Mann-Whitney U tests, and Spearman's correlation coefficients were calculated. According to the criteria of Landis and Cock, coefficients of < 0.00 were considered as no agreement, 0-0.20 slight, 0.21-0.40 fair, 0.41-0.60 moderate, 0.61-0.80 substantial and, 0.81-1.00 almost perfect. Intra-rater reliability was tested using linear weighted Cohen's kappa for ordinal variables and was found to be almost perfect for all the histological features (kappa 0.78-0.96). Univariable and multivariable analyses with general linear models were applied to adjust for lack of independence of the data. The correlations were considered significant for p values < 0.05.
Results
Patient characteristics
Clinical data of 21 patients with FAI are summarized in Table 3 . Among the 21 FAI patients (13 males and 8 During the surgery cartilage, it was not resected in patients with Outerbridge grade 0-1 and minimally removed with Outerbridge grade 2; therefore, cartilage samples for the histological analysis were collected only in 8 patients out of 21. Histological analyses showed that 7 on 8 patients showed from mild to severe cartilage degeneration and the 50% of all patients showed calcium deposits (data not shown). Histological cartilage degeneration showed substantial correlation with the CD68 immunostaining in the synovium (r = 0.77; p = 0.04) and a strong correlation with labrum calcifications (r = 0.89; p = 0.0001).
Hip joint tissues feature at the time of surgery for FAI Labral features
Labral tears were present in 86% of the FAI patients. According to the total degeneration score, 5 patients had mild labral degeneration, 11 patients had moderate degeneration, and 2 patients severe. One representative patient is shown in Fig. 1a . The analysis of the score components is reported in Table 4 .
Three components out of four (Safranin O/Fast green staining, collagen organization, and labral surface) significantly contributed to the final labral score (r = 0.82, p = 0.0001; r = 0.68, p = 0.0001; r = 0.54, p = 0.008 respectively). The collagen organization had a positive and moderate correlation with Safranin O/Fast green staining (r = 0.45, p = 0.03) and labral surface degeneration (r = 0.44, p = 0.03). Moreover, both the Safranin O/Fast green staining and the labral surface characteristics showed a positive correlation with cartilage calcification (r = 0.58, p = 0.005, and r = 0.61, p = 0.03).
Labral calcium crystal deposition was present in 67% of the FAI patients. One representative patient is shown in Fig. 1b . The increase of calcifications was moderately associated with labral degeneration (r = 0.42; p = 0.04), and both labral degeneration and calcifications increased with age (r = 0.61; p = 0.002, and r = 0.69; p = 0.0001).
The labral total score was moderately associated with the OA grading (r = 0.45 p = 0.03), the Outerbridge score at both femoral (r = 0.47, p = 0.02) and acetabular (r = 0.44, p = 0.04) levels, and substantially associated Data are shown as mean ± standard deviation (SD) or medians and interquartile ranges (IQR) depending on variable distribution. JSN joint space narrowing, L-CEA lateral-center edge angle, HOOS hip disability and osteoarthritis outcome score, SPT symptoms, ADL function in daily living, Sport/Rec function in sport and recreation, QOL free related quality of life, THR total hip replacement with increased CD68 positive cells in the synovium (r = 0.71; p = 0.01).
Synovial inflammation features
We performed the final histological analysis on 12 patients. We discarded nine synovial samples due to the small size of the biopsies. Only the 25% of the synovial membrane samples displayed a mild perivascular mononuclear cell infiltration. Most of the synovium specimens showed signs of synovial hyperplasia, with four cases displaying 3-4 cell thick lining, five cases with more than four cells, and only three cases with normal lining. Synovial fibrosis was prevalent and only one patient had no fibrosis. Three patients showed focal/perivascular fibrosis and eight patients had widespread fibrosis. Vascularity was increased in 50% of the patients (Table 5 ). One representative patient is shown in Fig. 2a . Among the components of the synovial score, only the mononuclear cell infiltration showed moderate or substantial association with age (r = 0.67; p = 0.004), OA grading (r = 0.52; p = 0.4), macroscopic chondral damage (r = 0.62; p = 0.01 at the acetabular side; r = 0.73; p = 0.001 at the femoral side), labral degeneration (r = 0.59; p = 0.03), and calcifications (r = 0.66; p = 0.01). Moreover, the mononuclear cell infiltration was associated with synovial hyperplasia (r = 0.62; p = 0.03).
Characterization of the cellular infiltration
We performed immunohistochemical analyses in 10 patients. We detected CD68 immunostaining in 8 patients: five subjects had less than 10 positive cells (grade 1); two patients had more than 10 positive cells (grade 2), and only one patient did not show any positivity. One representative patient is shown in Fig. 2b . None of these tissues showed anti-CD3, CD20, or CD138 immunopositivity.
Correlation between clinical data and histological analysis
All patients but one completed the HOOS questionnaire at 12 months of follow up.
We observed an overall deterioration of the preoperative hip function with older age (total HOOS r = − 0.50; p = 0.02; HOOS function r = − 0.49; p = 0.05), but a general improvement after surgery (Supplementary Figure  1) . Labral calcification was inversely associated with the preoperative hip physical function (HOOS total r = − 0.53, p = 0.03; HOOS sport r = −0.49, p = 0.05), and the collagen organization (HOOS sport r = − 0.47; p = 0.05).
Post-operative hip physical function decreased with JSN (total HOOS r = 0.52, p = 0.02; absolute change total HOOS r = 0.45, p = 0.05; relative change total HOOS r = 0.47, p = 0.05) and with acetabular cartilage damage, according to the Outerbridge score (r = − 0.47, p = 0.03, r = − 0.52, p = 0.02 and r = − 0.48, p = 0.03 Data are expressed as number of patients. G grade, Cell. cellularity, S-FG safranin-O and fast green staining respectively). Moreover, the post-operative hip physical function (HOOS pain r = − 0.68, p = 0.02; HOOS function r = − 0.61, p = 0.04), and the relative change in total HOOS (r = −0.59, p = 0.05), were inversely correlated with the mononuclear cell infiltration. These latter correlations remained significant after adjustment for age and OA grading. Finally, the post-operative clinical outcome in particular, the symptoms subscale was negatively affected by labral calcifications (r = − 0.51; p = 0.04; n = 17) and acetabular chondral damage (r = − 0.51; p = 0.02; n = 20). The association of these conditions significantly deteriorated the post-op clinical outcome (HOOS symptoms, adjusted R-square = 0.76 p = 0.0001).
Discussion
Although there is increasing evidence that FAI and labral lesions are major risk factors for HOA onset [2, 3, 38] , the chain of events that drives OA progression remains largely unknown.
We investigated the joint tissues status at the time of the surgery, focusing on labrum and synovial membrane.
While the relevance of the synovial inflammation in causing the symptoms and disease progression in OA is well known, the role of the labrum has been considered mainly "mechanic" so far [22] . Labral tears may contribute not only to unfavorable joint mechanics but also to synovial inflammation and cartilage damage, increasing the risk of OA [13, 39] .
Currently, there is evidence that the preservation of labral function during hip-preserving surgery improves patient outcomes and functional scores [13] . Despite this evidence, there is no consensus about which labral tears are appropriate for repair and which should be debrided. Among the factors that influence the decision to repair or debride the labral tear, the intraoperative appearance of the labrum plays the most important role [40] . In particular, the presence of labral calcifications has been indicated as a negative predictive factor affecting the quality of the surgical repair [41] .
In our study, we analyzed the labrum histological features using a modified Pauli's score [35] . We found a positive association between the total labral score and the labral calcification. Moreover, the labral calcification was also associated with increased chondral damage, synovial inflammation, and lower pre-operative HOOS and post-operative symptoms. In a recent study, Hubert et al. analyzed labral histological features of a cohort of 80 end-stage OA patients undergoing THR and found that labral calcifications were present in 100% of cases and that the total amount of calcification was inversely correlated with hip function and pain. Here we found that labral calcium crystal deposition, assessed by histology, were present in 67% of FAI patients, independent of OA radiographic grading. We also found that the presence of labral crystal calcium deposition was associated with lower pre-operative HOOS and, interestingly, with worst post-operative symptoms independent from age and radiographic severity. The same observation was previously reported [24] in end-stage OA, supporting the hypothesis that labral calcification might play a key role in hip pain and symptoms both in FAI and endstage OA. A higher local concentration of calcium crystal deposition in the labrum could lead to increased release of nociceptor stimulating substances [26, 27] within the fibrocartilage tissue, which densely innervated [42] .The presence of labral calcification is also associated with a worst labral matrix integrity and subsequent degradation of the acetabular cartilage as described by Song et al. [43] ,thus possibly jeopardizing the effect of the surgical repair [41] . Moreover, synovial tissue analyses revealed that most of our FAI patients had hyperplasia of the lining layer, focal, or widespread fibrosis and increased vascularity. These aspects are typical of the low-grade synovitis found in early OA cases [44] . Mononuclear cell infiltration is typical of end-stage OA [45] . Consistent with previous studies [20] , we found that the presence of mononuclear cell infiltration was associated with worst clinical outcomes in patients with FAI suggesting that synovial mononuclear cell infiltration might contribute to worsen the clinical condition after hip arthroscopy [11] .
Noteworthy, we found a positive association between the total labral score and CD68 expression in the synovial tissue. Abrams et al. already showed baseline levels of synovial inflammation in patients with FAI, in particular infiltration of CD68+ cell in the synovial tissue [46] . In our study, we found that patients with a severe labral degeneration had higher macrophages infiltration in the synovium.
Consistent with reports from large series of hip arthroscopies for FAI [47, 48] , we found macroscopic cartilage lesions in 90% of our FAI patients, predominantly at the acetabular side. The histological analysis of the cartilage from FAI patients showed most of the features of OA patients, albeit attenuated. Cartilage degeneration was associated with the presence of macrophages (CD68+ cells) in the synovium, consistent with previous reports [46, 49] . In addition, cartilage lesions were also associated with increased calcium crystal deposition in the labrum, as previously shown for end-stage HOA [24] .
The association of labral degeneration, synovial inflammation, and cartilage damage in FAI supports our hypothesis that OA, also in the early phases, affects the whole joint as an organ involving all tissues.
There are some limitations in our study related to the FAI surgery, in which the preservation of labral function is the final goal [13] . Moreover, although the Istituto Ortopedico Rizzoli is recognized by the Italian Health Ministry as Scientific Research Hospital, the patient's care and benefit is the first aim of our surgeons in carefully preserving joint tissues during the surgical procedure.
It was not possible to collect matched tissue samples from all patients, in particular acetabular cartilage which is not resected in patients with Outerbridge grade 0-1 and minimally removed with Outerbridge grade 2. The small specimens obtained from FAI surgery, in particular synovial membrane samples (in some cases less than 1 millimeter), made the histological analysis challenging and some patients eligible for the study were therefore not included. Synovial membrane specimens were small to avoid excessive bleeding and, as for the labrum and cartilage, the synovial membrane samples were collected from discarded tissues. The sample size is limited and heterogeneous, thus, not allowing to analyze the impact of the type of surgery on the outcomes. We acknowledge that 1 year of follow up could be a very short time to assess the natural history of hip OA after surgery for FAI [50] . Nonetheless, the role of the pain and symptoms reported by the patient during the follow-up is the milestone to elucidate the results of surgery ad to propose further treatments, including early conversion to THA. A systematic review about pain, daily living activities, and returning after FAI surgery, found that the first clinically relevant improvement in hip pain was observed at 3 to 6 months after hip arthroscopy. Improvements in pain continued to postoperative 1 year [51] . Generally, we consider 1 year of follow-up, a sufficient time interval to predict if the patient could be a candidate for early revision surgery, including early conversion to THA.
Technical limitations notwithstanding, our data suggest that labral matrix integrity is important to maintain the physiological function of hip joint and therefore counteract the onset of OA pathology. Labral calcifications might play a role in pain generation and symptoms deterioration in FAI and it might be useful as a potential marker which might help orthopedics to make surgical choices. Moreover, synovial inflammation in general, and perivascular mononuclear cell infiltration in particular, might have an effect in worsening the post-operative outcome in FAI patients.
